While hunting patterns in rural indigenous areas in the Amazon are relatively well known, there is almost no published information about the bushmeat trade in urban areas. Rushton et al. (2005) consider urban bushmeat trade in the Amazon as negligible because of the availability and prices of domestic sources of protein.
Nevertheless, the assumption is not yet tested given the almost un-existent information on bushmeat trade in open-air markets in urban centers throughout the Amazon region (Sampaio 2003; Bodmer et al. 2004 ). Commercialization occurs in largely hidden markets and information on bushmeat trade is difficult to obtain, mainly because buying and selling wildlife is an illegal activity in all Amazonian countries. Most of the data available to managers is derived from confiscations of bushmeat by environmental agencies during inspection activities, but the quality of this datasets are questionable in terms of their representativeness of the overall trade. The best known and largest wild game market in the Amazon is in Iquitos Peru where for instance in the 1990s bushmeat prices could reach US$4 per kg (e.g., for meat from the highly prized paca Cuniculus paca) and the meat from an individual large peccary could be worth as much as US$60 with the hide bringing in an additional US$10 to the hunter (Bodmer and Lozano 2001; Claggett 1998) . This market arose due to the lack of cattle ranching in this part of the lowland Amazon. A study conducted in Pompeya, Ecuador (WCS, 2007) reported 13 tons of bushmeat (corresponding to 56 especies) sold per year in the local market. Another recently studied market in the Amazon is that of Abaetetuba (Pará-Brazil), conducted by Baía et al. (2010) . The authors showed that the biomass of bushmeat traded during the study period was equivalent to about 6 tons of bushmeat (in 17 days monitored throught the year), most of which was of capybara (Hydrochoerus hydrochaeris) and caiman meat (Melanosuchus niger and Caiman crocodilus crocodilus).
Understanding the structure of the market chain and estimating the contribution of urban areas to the overall use of bushmeat, is crucial to formulating recommendations for the sustainable use of wildlife. For example, in Central Africa, given the important contribution of urban consumption in the bushmeat trade, urban markets have been widely used to estimate the state of hunted faunal assemblages and infer the sustainability of hunting (Juste et al. 1995 should have a better knowledge of the structure of the bushmeat trade, the extend of the catchment areas, the actors involved and the quantities and quality of bushmeat sold, to formulate realistic management recommendations. As suggested by van Vliet et al. (2012) , market data can provide valuable information to policy makers and managers by raising the alarm when rapid changes are observed, indicating the capacity of particular sources of protein to become substitutes for bushmeat, describing the role of prices in consumer choices and analyzing the effects of policy and management decisions on food security and conservation.
Given the importance of bushmeat trade data, our motivation for this study was to answer the following questions: Is bushmeat trade so insignificant as suggested by Rushton et al. (2005) that it is not worth the affort? Is it because it is invisible, occurs in hidden markets and is difficult to assess due to illegality? Or is it because public institutions and research have provided little efforts and interest in quantifying its importance? The main motivation of this study is to quantify and describe the volumes and quality of bushmeat sold in the main towns of the Tri-frontier towns, using a participatory monitoring protocol with the active participation of stakeholders of the bushmeat trade chain.
MATerIAl And MeThods

study site human population
The study was carried out during 2013 in the tri-national frontier region between Colombia, Peru and Brazil (Figure 1) . We sampled eight localities, two in Colombia [Leticia (37, The local economy is mainly based on small slash-and-burn cultivation (chagras) and some trade. The agricultural food production, which is poor in protein, is complemented by hunting and fishing (Eden 1990) . Tourism also provides alternative income, and the illicit trade (drug trafficking and illegal extraction of cedar (Cedrela spp.) continues to contribute to the dynamic economy of the region (Riaño 2003; Zarate 2008 ). In the urban towns of the tri-frontier, the local economy relies on drug traffic (particularly on the Peruvian border), wood extraction (in Brazil and Peru), and governmental subsidies, small businesses, fishing and tourism. 
Environmental conditions
The study area has a unimodal-biseasonal rainfall distribution type, with an average precipitation of 3,270 mm and a monthly average of 266 mm (Domínguez 1985) ; lowest rainfall is typical in August. Rain increases in September with a sharper increase between January and April, the wettest month of the year (Rudas and Prieto 2005) . Dry conditions at the site and the low rainfall upriver along the Eastern slopes of the Andes, results in a substantial drop in the water level during the July-September interlude. The maximum water level occurs in May (1,686 cm), dropping to its lowest mark in September (445 cm) (Domínguez 1985) . Average temperature is 26.2 C with an mean relative humidity of over 86%.
The region is still largely forested, divisible into eight main habitat types, though largely composed of terra firme forest (dry unflooded areas), varzea forest (regularly flooded by white waters) and marshy forests (flooded by black waters in certain seasons) (Prance 1979) . The Colombian side is characterized by terra firme forests up to Puerto Nariño, whereas the Brazilian and Peruvian sides are covered by marshy and varzea forests. Natural habitats are increasingly transformed by human economic activities: mainly through the urbanization around towns, shifting cultivation and ranching on the Colombian border, coca fields and cash crops in Peru and logging and oil palm plantations on the Brazilian side.
Methods
We conducted a preliminary study to describe the bushmeat market chain using participatory observations, interviews and participatory mapping (van Vliet et al. 2014). Eight main actors were involved: hunters, intermediaries, wholesalers, retailers, market sellers, formal restaurants and street food stalls. This accounted for 195 active stakeholders that participate in the trade chain. Because the wild meat trade is illegal, 3-4 months were spent penetrating the situation through discussions with consumers, identifying and approaching traders and engaging in informal dialogue, sharing meals, and traveling with them to potential source areas. This investment of time was crucial to gain the confidence of the different stakeholders. Also, as a follow up to the preliminary study, and in order to estimate the amount of total bushmeat being commercialized in the Tri frontier, we developed a participatory monitoring tool which we applied at two key levels of the trade chain: hunters and market sellers.
We gathered data by utilizing local hunters and market sellers (see table 1 for sampling effort based on information generated by van Vliet et al. (2014) . Monitors were chosen according to two main criteria: 1) good geographical representation of the sample; and 2) a willingness and trust to participate in the project. In addition, for the hunters, we attempted to have the two main hunter types described in van Vliet et al. (2014) represented: 4 specialized hunters (for whom hunting is the main economic activity) and 4 diversified hunters (for whom hunting is part of a diversified livelihood strategy). Our sampling for hunters did not include anyone from Peru because hunters in Peru usually come from very remote indigenous communities along the Atacuari river (8 to 12 hours by boat from Caballococha) and it would have been logistically impossible to follow up.
A monitoring notebook, to record all quantities, species and state (fresh, salted, smoked) of the bushmeat harvested or sold were designed and distributed among the recorders. For hunters, we also obtained information on hunting areas, main prey hunted, and whether the bushmeat was sold or for family consumption. The monitoring period covered two hydro-climatic phases: one in May and another one in September 2013 (high and low level waters respectively).
Because market sellers practiced their activity on a daily basis whereas hunters only hunt one out of 3-5 days, market sellers were asked to record data for 10 consecutive days, whereas hunters monitored their activities during a 30-day period. This meant that over a month we gathered data for about 10 hunting days for each actor during each period. To ensure the quality of self-reported data was adequate, we chose to limit the monitoring period to a short representative period, rather than having a long term and non-terminal monitoring system which would have probably create biases due to research fatigue. In addition, to ensure greater accuracy, the researchers visited market sellers on a daily basis and the hunters every five days during the monitoring period. A participant observation monitoring was also developed during the whole duration of the study (from August 2012 to September 2013) in order to triangulate the data recorded. Frequent informal visits to the main market places were undertaken in the selected settlements (5 -8 am each day) during the setting up of meat stalls and just before closing time (11am to 12 pm). Species commercialized, as well as prices and quantities were also recorded. Informal conversations with market sellers and restaurant owners allowed us to gain further qualitative information about their activities. Biomass caught by hunters was estimated by multiplying the number of animals reported for each species by the average weight per specimen in Kg (based on Emmons and Feer (1997)), taking into account that we used 75% of the average adult weight to diminish the weight of bones and head for the biggest species. The proportion of sold meat was estimated in kilogrames by each hunter when a trading event was registered. Quantities of bushmeat reported by market sellers were weighted by themselves using their own weighing tools and checked by the researchers during the monitoring periods. resulTs species composition and bushmeat harvested and sold by hunters
The most commonly hunted taxonomic group were mammals (60%), birds (26%) and reptiles (14%). In total, 485 individuals were hunted in 60 days, equivalent to 13 tons of meat. A total of 27 species were traded and hunted in Colombia and 17 in Brazil. During the first period (high water level), hunters extracted a total of 5.24 tons of bushmeat, of which 79% came from hunters from Benjamin Constant and Atalaia do Norte. During the second period (low water level), we estimated a total of 7.75 tons harvested, of which 95% was from hunters from Brazil. We found that Colombian hunters mostly used bushmeat for their own consumption (74% of the biomass was consumed by them), whereas Brazilian hunters sold most of the meat extracted (96% of the biomass was sold). Dasyprocta fuliginosa, C. paca, P. unifilis, Crax sp, T. terrestris, Lagothrix lagotricha, and Crypturellus sp. contributed 61% of the total catch during the two periods (Figure 2) . For the colombian hunters Dasyprocta fuliginosa and C. paca contributed to 42% of the biomass harvested (from a total of 107 individuals), whereas Brazilian hunters captured C. paca, P. unifilis, Crax sp and T. terrestris equivalent to 50% of the total biomass harvested from a total of 379 individuals. Most prey was hunted in primary forests (62% of catch). Brazilian hunters caught most of their catch in primary forests (74%), while Colombian hunters diversified hunted animals in primary forests (33% of the catch), secondary forests (31%) and riparian forests (23%). During low water level, most of the game was from primary forests (71%) and streams (19%), while during high water level the catch originated from secondary forests (22%), flooded areas (21%), riparian forests (16%) and primary forests (38%). We also found that out of 100 hunting trips registered in the two periods by colombian hunters, 72% lasted between 0 and 5.9 hours of effort, 13% took from 6 hours to 2 days and 2% were hunting trips of more than two days. On the opposite, from 53 hunting trips registered in the two periods by Brazilian hunters, 64% took from 6 hours to 2 days and 36% were hunting trips of more than two days.
bushmeat commercialized in market places
Nineteen bushmeat species were sold by market traders during the two sampled periods. Mammals contributed 74% of the total catch, whereas birds and reptiles accounted for 16% and 10% respectively (Figure 3) . The most commercialized species in Brazilian markets were paca, tapir and the collared peccari, representing 47% of their total biomass traded. In Peruvian markets paca and the yellow footed tortoise (Chelonoidis denticulata) represented 50% of biomass. As in the case of Colombian traders, paca represented 48% of the total biomass. A total of 3.7 tons of bushmeat were sold during the high water level period and 3 tons during the low water level period by the 8 traders during the 10 monitoring days in each season. During the two periods, traders in the Brazilian section contributed 80% of all biomass sold in the first period (equivalent to 2.960 tons) and 75% in the second (equivalent to 2.27 tons). In total, 6.7 tons of bushmeat were traded during the two periods monitored (20 days) in the four selected localities.
Bushmeat was mostly sold fresh in Leticia (81%), whereas bushmeat was mostly found smoked in Caballococha (56%) and salted (38%) and iced (32%) for the case of Tabatinga and Benjamin. The main clients of bushmeat traders in markets were colono or mestizo families, restaurant owners and public authorities. Coca workers were the main clients of market sellers in Caballococha. During the two monitored periods, fresh bushmeat was purchased at a price of USD$3.81/kg by market traders to the hunter or intermediar (table 2). The average price for customers in the market place was USD$5.32/kg. Prices remained relatively stable all along the year and bushmeat was about four times cheaper than chicken and at comparable prices with beef. Given enforcement, market sellers are unable to increase prices when bushmeat becomes scarcer (dry season). Smoked or salted bushmeat was about 20% cheaper than fresh bushmeat. 
dIsCussIon
In methodological terms, our approach shows that participatory approaches are a valuable tool to involve stakeholders in local monitoring mechanisms. As a result of the difficulties in assessing sustainability with oneoff indicators, the monitoring of harvested and traded populations through time is one of the gold standards in sustainability monitoring (Weinbaum et al. 2013 ). Ideally, bushmeat monitoring is an on-going process and is accompanied by information about the political, social, economic and ecological context to inform adaptive management strategies (Johnson et al. 2002) . As pointed out by van Vliet et al. (2012) bushmeat monitoring data when combined with longitudinal information from along the supply chain (wildlife populations, hunters, traders and consumers) can provide valuable information to policy makers and managers by raising the alarm when rapid changes in the characteristics of the harvest and trade are observed.
Our study shows that a larger proportion of the harvest is sold on the Brazilian side, as compared to the Colombian side. Colombian hunters harvest mainly pacas and black agouties, which are species associated to secondary and transformed habitats and practice garden hunting in combination to other subsistence activities. On the other hand, Brazilian hunters target tapirs and the terecaya turtles which involve a higher investment in time, organization and economic efforts. In Peruvian markets the yellow footed tortoise is also frequently captured and traded due consumption preferences among clients. Bushmeat is mostly sold fresh in Colombia, smoked in Peru and salted or iced in Brazil.
Differences in law enforcement, distance to hunting grounds, vegetation cover in hunting grounds, local governance and ethnic origin across the borders, probably explain the prey and state differences observed. Hunters in Brazil are specialised caboclo hunters, either hunting in secondary forests in peri-urban areas, or traveling to remote hunting grounds in terra firme forest along the Javari river (spending about 4 days in their remote hunting camps). Hunters in Peru are indigenous men who live and hunt along the Atacuari river in terra firme and varzea forests (8-12 hours boat from Caballococha). The main clients in Caballococha are coca field workers who purchase smoked busmeat as their preferred food as it is light enough and can be easily transported and preserved in remote forest camps. Hunters from Colombia are mainly indigenous men from legally recognized indigenous territories, who hunt in the secondary forests from peri-urban areas of Leticia, in fallow land when hunting is combined with farming or along streams running towards the Amazon river.
Overall, the most hunted species are paca, tericaya turtle and currassows (Crax sp.) while the most commercialized species are paca, tapir, collared peccary and the red brocket deer (Mazama americana). This finding shows that some species are filtered along the market chain, to the advantage of medium to larger sized mammals at the bottom end of the trade chain. The reasons behind this are not yet completely understood. Some species may disappear or remain along the market chain because of their commercial value, their taste (e.g. paca is largely preferred for its taste in our study site), their cultural importance (e.g. the turtle for birthdays in the Brazilian Amazon), or associated taboos (e.g. giant armadillo (Priodontes maximus) and pink river dolphins (Inia geoffrensis, Sotalia fluviatilis) among indigenous communities).
Among the most traded species, peccary and paca are listed as "Least Concerned", red brocket deer is listed as "Data Deficient" and tapir is listed as "Vulnerable" by the IUCN red list (IUCN 2013). The paca is widely distributed throughout the Neotropics and its delicious and tender meat is greatly enjoyed throughout its range (Pérez 1992). Given it´s biological parameters, this species has been identified as an excellent candidate for domestication (Smythe 1987 ). The species is classified as least concerned by the IUCN RED list in view of its wide distribution, presumed large population, occurrence in a number of protected areas, and because it is unlikely to be declining at nearly the rate required to qualify for listing in a threatened category. However, local extinctions have occurred in the southeast of its range due to habitat destruction. Pecari tajacu is widely distributed and occurs in a variety of habitats, including woodlands, tropical dry and rainforests, savannas, Gran Chaco, and deserts, from the southern USA through to northern Argentina. However, given the continuing rates of habitat destruction and potential for over-hunting of this species, the status of all populations requires monitoring. Mazama americana is considered to be "data deficient" in light of continued taxonomic uncertainty. Until the systematics of this taxa are better understood it is impossible to evaluate it against the categories and criteria of the IUCN Red List. Hunting of red brocket deer was evaluated to be sustainable in the Peruvian Amazon (HurtadoGonzales and Bodmer 2004). Tapirus terrestris is considered to be Vulnerable due to an ongoing populations reduction estimated to be slightly greater than a 30% in the past 3 generations (33 years) due to habitat loss, illegal hunting and competition with livestock. Tapir hunting was found to be unsustainable in French Guyana (Tobler et al. 2013 ). Yet, the study was based on the use of the over simplified Robinson and Redford (1992) model, which does not take spatial factors in to account. Shape of the hunted area and the size of the surrounding population are key factors that influence the sustainability of tapir hunting (Salas and Kim 2002; Novaro et al. 2000) .
The limited number of market sellers identified in the tri-frontier catchment area and the fact that the trade occurs in clandestine networks, can provide the erroneous idea that the volumes traded are insignificant. However, our study shows that a total of 6. 
ConClusIons
Our results show that bushmeat trade in Amazonian towns is not negligeable as compared to what is observed in Central African contexts, and that bushmeat trade in the Amazon is instead alarmingly uncovered by scientific research. The existing but clandestine market observed calls for exploring the conditions in which it would be possible to legalize a local scale trade for resilient species so as to maintain the cultural, economic and social services provided by wildlife, while enforcing the trade of more vulnerable and protected ones.
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